A surface-modified nanoscale carbon black (MCB) as Ni adsorbent in contaminated soil was prepared by oxidizing the carbon black with 65% HNO 3 . The surface properties of the adsorbent were characterized by zeta potential analysis, scanning electron microscopy (SEM), and Fourier transform infrared spectroscopy (FTIRs). Batch experiments were conducted to evaluate the improvement of Ni 2+ adsorption by MCB. Greenhouse cultivation experiments were conducted to examine the effect of MCB on the DTPA-extractable Ni 2+ in soil, Ni 2+ uptake of ryegrass shoot, and growth of ryegrass. Results indicated that MCB had much lower negative zeta potential, more functional groups for exchange and complexation of cation, and more heterogeneous pores and cavities for the adsorption of cation than the unmodified parent one (CB). MCB showed enhanced sorption capacity for Ni ( max , 49.02 mg⋅g −1 ) compared with CB ( max , 39.22 mg⋅g −1 ). Greenhouse cultivation experiment results showed that the biomass of ryegrass shoot and the Ni uptake of the ryegrass shoot were significantly increased and the concentrations of DTPA-extractable Ni in soil were significantly decreased with the increasing of MCB amount. It is clear from this work that the MCB had good adsorption properties for the Ni and could be applied in the in situ immobilization and remediation of heavy metal contaminated saline-alkali soils.
Introduction
Heavy metal pollution is a serious environmental problem. Refineries, mines, and fertilizers (exclusively phosphate) are the major sources of Ni dispersion in soil [1] . Nearly all the concentrations of Ni are higher than their background values of soil in some areas in China [2] . Due to the potential public health risk associated with intake, Ni has been a group of pollutants of much concern. Among the many remediation methods, in situ immobilization remediation successfully demonstrated its superiority for the remediation of farmland contaminated by heavy metals of low concentration [3] [4] [5] . The effectiveness of in situ immobilization remediation depends not only on a range of factors such as types of contaminants, reagents, soil conditions, and land use [6] but also on the physicochemical properties of the immobilization materials, so developing efficient, low-cost, and environment-friendly immobilization materials is a key to successful application of remediation technology for the contaminated soils with lower concentration of heavy metals.
Because the nanoscale carbon black has large specific surface area, highly active adsorption sites, and good electric ability, considerable attention has been focused on developing and applying it in wastewater treatment [7, 8] and in situ immobilization remediation of contaminated soil [9, 10] . The nanoscale carbon black is a hydrophobic and nonpolar adsorbent, and it has strong adsorption ability to nonpolar organic compounds [11] [12] [13] [14] [15] . However, the nanoscale carbon black has poor adherence to heavy metal ions. In fact, research has shown that the maximum amounts of Pb(II) adsorption by the nanoscale carbon black were lower than expandable clay mineral and humic acid [16, 17] . Surface modification of the nanoscale carbon black by appropriate physical and chemical treatments could improve its adsorption capacities for heavy 2 Journal of Chemistry metal ions [18] . The adsorption quantities of Cu(II) or Cd(II) on a surface-modified nanoscale carbon black oxidized with 65% HNO 3 were significantly increased [19, 20] . It had been found that the surface-modified nanoscale carbon black significantly reduced the bioavailability of Cu and Zn in red earth with lower pH (3.99) [21, 22] . When the surfacemodified nanoscale carbon was added into acidic soil, the pH value of soil increased, and then the bioavailability of heavy metals in soil was reduced. After treating with acid, the nanoscale carbon black has a pH value of about 5.5, but its effect in higher pH saline-alkali soil (7.76) is unknown.
The major objective of the present study is to compare the surface properties and the adsorption capacity between a surface-modified nanoscale carbon black (MCB) and the unmodified parent one (CB) by batch experiment and to investigate the feasibility of using the modified nanoscale carbon black as immobilization material for Ni-contaminated saline-alkali soil by cultivation experiment. This work provided a proof for an application of the MCB in in situ immobilization remediation of metals contaminated salinealkali soils.
Materials and Methods

Modification of Nanoscale Carbon Black.
A commercial nanoscale carbon black (CB) with particle size of 20-70 nm was purchased from Jinan Carbon Black Factory, Shandong Province, China. This carbon black was further oxidized with 65% HNO 3 for modification by refluxing 10 g of carbon black with 150 mL HNO 3 (65%) in a conical flask at 110 ∘ C for 2 h. The modified nanoscale carbon black (MCB) was filtered, washed with deionized water until the pH of the filtrate became stable (pH is about 5.5), and finally dried in a vacuum oven at 110 ∘ C for 24 h [19] .
Surface Properties
Zeta Potential of the CB or MCB.
The CB and MCB suspensions (0.4 g⋅L −1 ) containing 0.01 M NaNO 3 as background electrolyte were prepared at different pH values. The suspensions were dispersed ultrasonically at a frequency of 40 kHz and a power of 300 W for 1 h and then shaken for 20 h at 25 ∘ C. After being equilibrated for two days, the zeta potential was measured using a JS94G+ microelectrophoresis instrument (Shanghai Zhongchen Digital Technique Equipment Ltd. Co., Shanghai, China) and the suspension pH was also determined.
Fourier Transform Infrared Spectroscopy (FTIRs) of the CB or MCB.
Infrared spectra (IR) of the CB or MCB were recorded using a Perkin-Elmer 2000 Fourier transform infrared spectroscopy (FTIRs) spectrometer fitted with a deuterated triglycine sulfate (DTGS) detector covering the frequency range of 500-4000 cm −1 . The sample cell was purged with nitrogen gas throughout data collection to exclude carbon dioxide and water vapor. Ten milligrams of the dried samples was evenly dispersed in 200 mg of spectroscopic grade KBr to record the spectra.
SEM (Scanning Electron Microscopy) of the CB or MCB.
The samples were placed on the exposed upper surface of double-sided carbon tape attached to standard AL mounting stubs. The SEM analyses were carried out using a LEO 982 field-emission SEM with an Oxford energy dispersive X-ray analyzer. ∘ C for 20 min, 30 min, 40 min, 60 min, 90 min, 120 min, 180 min, 300 min, 420 min, 600 min, 720 min, and 900 min. Finally, the amount of Ni 2+ was determined after centrifuging and filtering through 0.45 m membrane. In the meantime, the controlled experiments were carried out by the same procedure as above except utilizing the CB instead of MCB. Both experiments of MCB and CB were performed in duplicate. Kinetic curves of the adsorption were made at last. The residual Ni 2+ concentration in solution samples was measured using an atomic absorption spectrometry (Thermo Orion 9609 BN) according to the standard method [23] .
Batch Adsorption
Adsorption Isotherms Experiments.
The adsorption isotherms were obtained by mixing the suspensions, containing 0.1000 g CB or MCB, 30 mL Ni standard solution (0, 20, 40, 60, 80, 100, 120, 150, and 180 mg Ni 2+ ⋅L −1 ), and 0.01 M NaCl as electrolyte in 50 mL PTFE (polytetrafluoroethylene) centrifuge tubes. Tubes were sealed and shaken at the temperature of 25 ∘ C for 2 h. Finally, the amount of Ni 2+ was determined after centrifuging and filtering through 0.45 m membrane. In the meantime, the controlled experiments were carried out by the same procedure as above except utilizing the CB instead of MCB. Adsorption isotherms for the adsorption were made at last.
Greenhouse Experiments
Collection of Soil Samples and Preparation.
A salinealkali soil of plough layers (0-20 cm) was sampled from Dongying (Shandong Province, China). The saline-alkali soil used in the research is from the Yellow River alluvial parent material. The soil sample was air-dried and sieved (2 mm mesh). The general properties of the soil were pH 7.76, salt content 0.35%, cation exchange capacity (CEC) 9.29 cmol⋅kg −1 , organic matter (OM) 8.34 g⋅kg −1 , clay content up to 18.5%, Yellow River alluvial parent materials, Ni 22.61 mg⋅kg −1 , and Cd 0.49 mg⋅kg −1 . The following properties were analyzed: pH (by CaCl 2 extraction), organic matter (by H 2 SO 4 -K 2 Cr 2 O 7 with external heating), CEC (by Kjeldahl digestion), available Ni (extracted by DTPA, pH 7.3), and total Ni (by HNO 3 -HClO 4 -HF extraction), followed by atomic absorption spectrophotometry (AAS) [24] .
Experimental Design and Procedures.
The soil environmental quality standards value of China for Ni in a salinealkali soil is lower than 60 mg⋅kg −1 [25] . The soil background value of Ni is about 22.61 mg⋅kg −1 in the investigation area of this paper, and the Ni content in contaminated soil ranged from 80 mg⋅kg −1 to 100 mg⋅kg −1 .
Ni 2+ was added to soil and amended to contain 100 mg Ni kg −1 by adding appropriate concentrations of Ni(NO 3 ) 2 . Deionised water was added to the soils to achieve a moisture content of 70% of field capacity. To ensure even dispersion of Ni, soils were thoroughly mixed while adding Ni(NO 3 ) 2 and water. The soils were incubated at room temperature (at about 20 ∘ C) for 2 months, allowing Ni 2+ to be distributed into various fractions. During the period, soil moisture content was carefully monitored.
The MCB of 0, 0.5%, and 1% was added into soil, mixed thoroughly, and placed into pots (1.5 kg per pot). For each pot, 0.33 g urea and 0.35 g K 2 HPO 4 were added as fertilizer and mixed thoroughly. There were three replicates for each treatment, with 9 pots in total. All pots were adjusted regularly to 70% of field water-holding capacity using deionized water.
Fifteen well-germinated ryegrass seeds (Lolium multiflorum) (obtained from the College of Life Sciences, Shandong Normal University, China) were sowed in each pot. The pots were placed in the greenhouse under a random block design and the ryegrass shoot was harvested after 60 days (approximately 0.5 cm aboveground), and the shoot was separated, washed, and weighed after adhering water was removed with filter paper. The ryegrass shoot was digested by HCl-HNO 3 -HClO 4 , and Ni was determined by AAS [24] . The soil subsamples were air-dried and ground to pass through a 1-mm sieve before use.
Statistical Methods.
Arithmetic means and standard errors of the mean were calculated using Microsoft Exceltest (unequal variance assumed to be < 0.05 was used to determine the difference between treatments with and without MBC) [26] .
Results and Discussion
Surface Characteristics of CB and MCB
The Zeta Potential of the CB and MCB.
The zeta potentials of both CB and MCB were shown in Figure 1 . MCB has more negative charge than CB, and the zeta potential decreased from −20 mV to −60 mV from pH 3 to 8. Zeta potential is widely used to quantify the magnitude of the electrical charge in the double layer [27] . The MCB particles had lower zeta potential values than the CB particles at the same pH and should have higher adsorption affinity for Ni 2+ than CB.
The FTIRs of the CB or MCB.
The FTIRs analyses were conducted to identify characteristic functional groups. The IR spectra of CB and MCB were presented in Figure 2 . Compared with CB, MCB exhibited some characteristic peaks at wavenumbers of 1580, 1709, and 3424 cm −1 , which were associated with hydroxyl groups or carbonyl groups, carboxylic acids, and hydroxyl groups [28] , respectively. As it can be seen from Figure 2 , the absorption of phenol hydroxyl C-O, which is at wavenumbers of 1250 cm −1 , was increased compared with CB. The increased amounts of these functional groups resulted in the increasing surface cation exchange and complexation capacity of MCB [29] . Figure 3 showed SEM images of CB and MCB. The pore structure had not been observed from the SEM image of CB and exhibited nonadhesive appearance and formation of agglomerates. Fusing of aggregates by van der Waals forces resulted in the formation of new structures-agglomerates, as previously described in the literature [30] . Comparing with CB, MBC particles had heterogeneous pores and cavities. CB is produced by partial combustion of petroleum or natural gas, and its pH is normally neutral to basic (pH from 6.2 to 9.6), depending on the feedstock and pyrolysis conditions used in various studies [31, 32] . The CB surfaces morphology change depends on the different treating methods. For example, the acetic acid modification reduces the number of cracks and pores on CB surfaces, which are clogged by adsorbed acetic acid [33] . Therefore, selecting an appropriate acid is crucial. In our study, after treating with nitric acid, pores and caves formed on the MCB surface. Those pores and caves provided larger exposed surface area for the adsorption of cation. Figure 4 (a) showed the adsorption kinetic curves of Ni on CB and MCB at pH 7.0. Ni adsorbed by CB or MCB occurred rapidly and reached equilibrium within about 20 minutes. The pseudo-first-order kinetic equation [34] and pseudo-second-order kinetic equation [35] were applied to fit the adsorption kinetic data in Figure 4 (a). It is clear from Table 1 , and the pseudo-first-order model did not adequately fit the experimental data because all the 2 of CB or MCB is 0.5077 or 0.6919. However, the pseudo-second-order model for adsorption of Ni onto CB or MCB agrees well with experimental data because all values of 2 are greater than 0.999. Liu and Cheng [20] reported that the adsorption kinetic model of Cu 2+ and Cd 2+ on CB or MCB followed pseudo-second-order model well. In general, the pseudo-second-order rate expression was used to describe chemisorption involving valency forces through the sharing or exchange of electrons between the adsorbent and adsorbate as covalent forces and ion exchange [36] . The much lower rate of constant 2 for MCB (i.e., 0.01799) than for CB (i.e., 0.1532) also indicated the much faster adsorption kinetics of Ni 2+ on CB than on MCB. It could be ascribed to more heterogeneous pores and cavities on the MCB particles than CB (Figure 3 ) [19] . The rate of Ni 2+ into internal surface sites of the CB or MCB was slower than on external surface sites. In most cases, the pseudosecond-order chemical reaction kinetics provide the best Figure 5 : Effect of MCB on DTPA-extractable Ni in soil. Ni 2+ was added to soil at the ratio of 100 mg⋅kg −1 and the MCB was added at the ratio of 0, 0.5%, and 1%, respectively. 2+ was added to soil at the ratio of 100 mg⋅kg −1 and the MCB was added at the ratio of 0, 0.5%, and 1%, respectively.
The SEMs of CB or MCB.
Adsorption Kinetics and Adsorption Isotherms of CB or MCB
Adsorption Kinetics.
correlation of the experimental data, whereas the pseudofirst-order model proposed fits the experimental data well for an initial period of the first reaction step only [37] . Cheng et al. [38] reported that the adsorption of Cu 2+ or Cd 2+ on MCB reached equilibrium rapidly within 30 minutes and more than 90% of the equilibrium adsorption amount. Figure 4(b) illustrated the adsorption isotherms of Ni 2+ on the CB and MCB at pH 7.0. The Freundlich isotherm and Langmuir isotherm were applied to fit the adsorption isotherm data.
Adsorption Isotherms.
The best-fit parameters are listed in Table 1 . The 2 values suggested that the Freundlich isotherm described the adsorption data better than the Langmuir isotherm. The value of max (maximum adsorption capacity) for CB was 39.22 mg⋅g −1 , and for MBC it was 49.02 mg⋅g −1 . Literature data confirm that the affinity of the carboxylic functional groups for metal ions is very high [39] , so the increase of adsorbed capacity might be attributed to the increase of oxygenic functional groups and the consequent increase of surface cation exchange and complexation capacity of the MCB [29] . It is consistent with the conclusion that oxidation increased the functional groups on CB surfaces and then increased the maximum adsorption capacity of heavy metals. Various methods such as acid treatment, base treatment, impregnation treatment, ozone treatment, surfactant treatment, plasma treatment, and microwave treatment have been studied to develop surface-modified activated carbons [40] . Ankica and Jadranka results showed that modification by acetic acid increases the adsorption capacity of carbon black from 18.3823 to 86.9566 mg Ni(II) g −1 , though the specific surface area of carbon black is decreased, and its surface becomes more homogeneous after modification [33] . The Ni adsorption capacity on microwave and thermally heated activated carbon was 12.00 and 8.42 mg⋅g −1 , respectively [41] . The max is different in different modification methods, so it is necessary to further study the adsorption mechanism of CB modified by different methods.
Effect of MCB on Available Ni
2+ in Soil 3.3.1. DTPA-Extractable Ni in Soil. The DTPA (diethylene triamine pentaacetic acid) extraction method has been employed well to estimate the metal availability for plants in neutral to calcareous soils [42] . The concentrations of DTPAextractable Ni in soils were significantly decreased with the increase of incubation day, when Ni 2+ was added to soil at the ratio of 100 mg⋅kg −1 and the MCB was added at the ratio of 0, 0.5%, and 1%, respectively ( Figure 5 ). Compared with non-MCB, the concentrations of DTPA-Ni decreased by 12.15% and 13.58% when the MCB was added at ratios of 0.5% and 1% at 15 days ( < 0.05) and decreased by 13.18% and 13.74% at 60 days. Cui et al. [43] study showed that CB amendment offers a basic option to reduce Cd and Pb bioavailability and change the fractions, when the CB was applied at rates of 0, 10, 20, and 40 tons per hectare. Cheng et al. [22] study showed that the concentrations of DTPA-extractable Cu and Zn in soil were significantly decreased by addition of MCB.
Notably, the results mentioned above were obtained in lower pH, but the effects of MCB on the bioavailability were obtained in higher pH saline-alkali soil in this paper. pH of biochar is normally neutral to basic (pH from 6.2 to 9.6), depending on the feedstock and pyrolysis conditions used in various studies [31, 32] . When biochar is added in acidic soil, the pH value of soil is increased and then reduces the bioavailability of heavy metals in soil. However, the pH value of MCB is about 5.5, and the pH value of alkaline soil is about 7.8. The mechanism of effect bioavailability of heavy metals in soil may be different between biochar and MCB. The effect mechanism of MCB on the bioavailability of heavy metals in soil may be by adsorption and chelation, because it has lower negative zeta potential [19] and more hydroxyl groups or carboxyl groups, carboxylic acids, and hydroxyl groups [28] .
Ryegrass Shoots Biomass and Ni Uptake of Ryegrass
Shoots. Adding MCB significantly increased the biomass of ryegrass shoots, and they increased with the increase of MCB added amount, when Ni 2+ was added to soil at the concentration of 100 mg⋅kg −1 and the MCB was added at the ratio of 0, 0.5%, and 1%, respectively ( Figure 6 ). Compared with non-MCB, the MCB groups showed the fresh weight of ryegrass shoots increased by 9.03% and 39.75%, respectively ( < 0.05). The Ni uptake of the ryegrass shoots decreased with the increase of the MCB (Figure 6 ). Compared with non-MCB, the Ni uptake of the ryegrass shoots was not significantly different when the MCB addition was in 0.5% and significantly different ( < 0.05) when the MCB addition was in 1% and the Ni uptake of the ryegrass shoots decreased by 12.48%.
Previous works indicated that the concentrations of DTPA-extractable heavy metals in soil were positive linearly correlated with the uptake heavy metals by plant [42] . Méndez et al. [44] suggested that the risk of leaching of Cu, Ni, and Zn was lower in the soil treated with biochar and biochar amended samples also reduced plant availability of Ni, Zn, Cd, and Pb. Application of chicken manurederived biochar significantly reduced NH 4 NO 3 extractable Cd, Cu, and Pb concentrations of soils and increased plant dry biomass by 353 and 572% for shoot and root [45] . Cheng et al. [22] reported that the Cu and Zn uptake of the ryegrass shoots decreased by 34.98% and 14.52% in acid soil, comparing with non-MCB. In this study, the concentrations of DTPA-extractable Ni in soils were significantly decreased with the increment of MCB, and when the MCB addition was in 1%, the Ni uptake by ryegrass shoots decreased. The carbon black modified by this method is a potential application for the in situ immobilization remediation of heavy metal contaminated saline-alkali soil.
Conclusions
It is clear from this work that the nanoscale carbon black modified by HNO 3 (MCB) has lower negative zeta potential than the CB, more functional groups for exchange and complexation of cation and heterogeneous pores and cavities for the adsorption of cation than unmodified CB. The MCB had much higher max (49.02 mg⋅g −1 ) of nickel than the CB (39.22 mg⋅g −1 ) and showed very good adsorption and complexation properties for Ni 2+ in soil. The MCB could be applied for the in situ immobilization remediation of heavy metal contaminated soils.
